FtV(o^SHIS 


AM  6»-3 


PATHOLOGY  OF  TRAUMA  ATTRIBUTED  TO  RESTRAINT 

SYSTEMS  IN  CRASH  IMPACTS 


Richard  G.  Snyder,  Ph.D. 

Clyde  C.  Snow,  Ph.D. 

Joseph  W.  Young,  A.M. 

Warren  M.  Crosby,  M.D. 

Col.  G.  Townley  Price,  USA  (Ret.)  D.V.M. 


Approved  by 


Releaeed  by 


,T.  Robert  Dille,  M,D, 
Chief,  Civil,  Aeromedicae 
Institute 


P.  V.  Siegel,  M.I). 
Federal  Am  Surgeon 


February  1%9 


Department  of  Transportation 

FEDERAL  AVIATION  ADMINISTRATION 

Office  of  Aviation  Medicine 


ACKNOWLEDGMENTS 


The  authors  wish  to  gratefully  acknowledge  the  support  and  assistance 
of  a  number  of  organizations  and  individuals  who  contributed  to  the  work 
reported  in  this  paper.  We  especially  wish  to  thank  Richard  I .  Chandler, 
Capt.  Richard  Sonntag,  MJ)..  and  Capt.  Peter  Hanson,  6571st  Aeromedical 
Research  Laboratory,  Holloman  AFB,  New  Mexico;  Allan  Katzberg,  Ph.D.. 
Chairman.  Department  of  Anatomy,  Southwest  Foundation  for  Medical  Re¬ 
search,  San  Antonio:  and  Jeffry  S.  Life  and  Bruce  Pince.  Space/Defense 
Corporation,  Birmingham,  Michigan.  Pathological  histology  was  conducted 
at  CAMI,  except  for  one  series  of  radiographic  analysis  made  by  Dr.  F.  R. 
BiAhill,  Detroit,  specific  tissue  examinations  made  by  Dr.  Allan  Katzb  rg. 
Southwest  Research  Foundation,  San  Antonio,  and  selected  brain  tissues 
studied  by  Dr.  Raphael  Cileiito,  Detroit. 

AUTHORS 

Richard  G.  Snyder.  Ph.D.,  Highway  Safety  Research  Institute,  Institute 
of  Science  and  Technology.  University  of  Michigan.  Ann  Arbor.  Michigan. 

Clyde  C.  Snow,  PhJD..  Civil  Aeromedical  Institute.  Federal  Aviation 
Administration.  Department  of  Transportation.  Oklahoma  City.  Oklahoma. 

Joseph  W.  Young,  A.M..  Civil  Aeromedical  Institute.  Federal  Aviation 
Administration.  Depanment  of  Transportation.  Oklahoma  City.  Oklahoma. 

Warren  M,  Crosby.  M.P.,  Department  of  Gynecology  and  Obstetrics. 
Uaiversity  of  Oklahoma  School  of  Medicine.  Oklahoma  City.  Oklahoma. 

CoL  G.  Townley  Price,  USA  (Ret.)  D.VAI..  Civil  Aeromedical  Institute, 
Federal  Aviation  Administration.  Department  of  Transportation,  Oklahoma 
City,  Oklahoma. 


Qualified  reiiaesters  maj  obtain  .Aviation  Medical  Reriorts  from  Defense  Documentation 
Center.  TTie  general  public  may  purebase  from  Clearicidiouse  for  Federal  Scientific  and 
Tecbnical  Information,  C.S.  Dept  of  Commerce,  Spring-field.  Va.  22151. 


PATHOLOGY  OF  TRAUMA  ATTRIBUTED  TO  RESTRAINT 
SYSTEMS  IN  CRASH  IMPACT 


L  Introdact^ 

Although  restraint  systems  have  been  used  for 
over  50  years  in  military  aircraft,  and  in  some 
form  for  about  113  years  in  lighter-than-air 
types  of  vdiicles.  their  use  in  other  forms  ^f 
transportation  has  been  relatively  new.  Su  h 
systems  have  conclusively  demonstrated  their 
overall  protective  value  to  vehicle  occupants: 
however,  experimental  evaluation  of  the  various 
systems  is  necessary  for  the  design  of  ii.iproved 
future  systems,  as  well  as  for  developing  even 
better  protective  use  of  present  ^'stems.  In  re¬ 
cent  years  considerable  attention  has  been  focused 
on  the  more  sophisticated  military  restraint  sys- 
ten^  and  in  particular  on  the  protection  of 
rather  specialized  occupants  of  space  vehicles. 
Injuries  reported  in  the  past  have  primarily  re¬ 
lated  to  problons  cf  hi^-^ieed  ejection  (vertical 
±:G,)  decelerations  involving  vertebral  trauma, 
isolated  clinkal  findings,  or  to  by-products  of 
experimental  studies  involving  otho*  basic 
jectives. 

Vctv  little  £ttentkHi  *'as  been  given  to  the  type 
and  severity  of  injuries  which  may  be  attributed 
to  the  vast  majority  of  restraint  systems  more 
geiMraliy  i^ed.  Comic^rriai  airline  transmits 
currently  utilize  tmly  lap  b^ts  for  passmger 
protection  as  do  almost  all  gmieral  aviatkm  air¬ 
craft  in  the  I'nited  States,  military  troop  trans¬ 
ports.  and  military  heiict^er  tran^wrts.  £v^ 
such  ad^'anced  aircraft  as  the  354i-passenger 
Boeing  SST.  the  TSti-pasaeager  I»rkheed  f  .*>A. 
and  the  490-pas8engtT  Boeing  747  will  have  only 
the  lap-beh  systmn  in  all  but  aircrew  cockpit 
positions.  In  additkm.  similar  sy^nos  are  now 
being  installed  in  some  &5  million  autorxitive 
\-ehicles  per  year.  Pilot  popniatkms  ssrch  as  the 
Aptdlo  astrananta,  airline  traisptnt  and  military 
pilots  repiesait  veiy  select  young  male  {diysical 
types,  and  their  re^raint  needs  and  injuiy  toler- 
anors  may  differ  ctmsiderably  fnnn  those  of  the 


general  population  which  include  infuts  and 
children,  women,  and  the  aged  and  infirm. 

T-bo  work  reported  here  was  conducted  on  the 
USAF  6571st  Aeromedical  Research  Laboratory 
Dais,.  Decelerator  as  a  project  of  the  Protection 
and  Survival  Laboratoiy.  Civil  Aeromedical  In¬ 
stitute  iCAMI).  Federal  Aviation  Administra¬ 
tion.  These  studies  involved  a  series  of  related 
investigations  assaying  the  protection  from  im¬ 
pact  trauma  provided  by  various  restraint  sys¬ 
tems  commonly  found  in  aircraft  and  automotive 
^•ehicles.  The  latter  phases  of  this  series  also 
included  two  experimental  syrtems. 

The  initial  project  was  designed  to  investigate 
injury  to  the  pregnant  female  and  or  feius  doe 
to  lap  belt  forces  at  impact.  This  questkm  has 
had  some  disrussion.  but  very  little  clinical  data 
are  available.*'  and  no  prior  experimental  study 
has  been  conducted.  The  decelerathm  patterns 
selected  for  this  study  were  tased  upon  the  hypo- 
th^ical  shnation  of  a  pregnam  wtunan  passemgn' 
subjected  to  t}»  imMct  forces  of  a  specific  type 
of  airline  irt  transpon.  at  175.0Q<»  IIk.  gross 
weight,  cra^  lard’ng  after  h^ng  pows-  tm  one 
engine  at  20=  akitude  xfter  takesdl  (45~ 
body  orientation,  forward  facing.  285  fi. 
sec.  impact  velocity,  and  ”125  seeot^  dsratiosi 
of  initial  impact The  passenger  was  aasnmeii 
to  be  located  in  the  first  row  of  the  fiist-^dass 
section.  Since  this  condititm  {xoved  to  be  ntm- 
survivahle  for  tbe  first  experimental  baboem  sub¬ 
ject  prelected  by  lap  bdt  only,  sahseqnoit  tests 
«ere  conducted  at  lower  levels  for  this  system. 

Tbe  vxsrt  «  tSs*  tttOr  »»»  r■■»»rrTt>tf  iy  OrS 
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and  incladed  patterns  simulating  exposures  in 
forward-  and  rear-facing  seats  in  aircraft  as  well 
as  automotive  impacts.**-"  The  preliminary 
work  in  which  11  pregnant  baboons  v/ere  suIh 
jected  to  12  experimental  impacts,  indicated  that 
at  2Qg.  maternal  trauma  was  minimal,  but  fetal 
death  occurred  in  association  with  fetal  head 
injury,  placental  separation,  and  maternal  shock.’* 

In  respoi^  to  requests  by  the  Society  of  Auto- 
motivb  Engineers  1^9  Conunittee  and  the  Stew¬ 
ard  and  Stewardess  Division  of  the  Air  Line 
Pilots  Association,  a  second  test  series  examined 
the  problem  of  lap  belt  only  restraint  protection 
for  aircraft  occupants  in  lateral  seating  positions 
such  as  lounge,  aircrew,  or  stewardess  station. 
Twenty-four  deceleration  tests  were  performed 
on  24  adult  female  baboons,  in  controlled  experi- 
mraits  comparing  sdeward.  rearward,  and  for¬ 
ward  impact  effects.  Impact  lerris  causing 
injury  to  the  baboon  subjects  in  14  lateral  orien- 
tatxms  were  determined  to  be  much  lower  than 
in  either  rearward-  or  forward-focing  body 
orientalMKis,  with  fatal  injuries  oocurting  as  low 
as  16.%.  when  the  occnpant  wore  a  lap  belt  only.** 

A  final  teat  series  ocmpared  two  types  of  ex¬ 
perimental  systems,  the  inverted-Y  yoke  with 
inertia  reel  and  the  airbag  restraint  syston.** 
In  additinn,  forward,  rearward,  and  sideward 
teats  were  made  of  other  systems  cuiraitly  in 
nee,  sneh  as  the  3-pomt  (lap  brit-diagcmal  bdt 
eyatem)  and  the  <hagoaral  rmly  restraint  system 
favored  in  some  Enropean  automotive  vehicles. 

The  entire  aeries  of  related  atndies  of  reEtraint 
protection  and  impact  injuries  using  hatxxm  sub¬ 
jects  has  been  faroaght  together  in  this  papa-  to 
priauet  an  overall  view  of  trauma  sustained  by 
the  occnpant  restrained  by  the  systems  eraluai^ 

n.  IfethadB  and  Matcxials 

Sxty-tvro  deceleration  tests  woe  paforiasd  «i 
adsJt  female  Savannah  bahooos  (Pfio  npto- 
ranging  in  body  wright  from  1A5  to 
36  pounds  to  163  kg.).  Age  estimates  based 
on  dental  examination  ranged  from  -4^  to  12 
years  (CS). 

The  tests  of  this  soies  vme  cooducted  on  the 
Dai^  Deoelaaior  betwem  33  May  1966.  and 
3  Jane  1967.”  Several  ^ed  and  seat  combina¬ 
tions  were  used.  dq>«td%  upon  the  partkolar 
profile  run.  .411  seats  were  scaled  down  prvpor- 

Turt—ity  SfltTnwa  hr  rrantstacsts  a*  Eear*  n»>»»w 
itwriu  *aw3«t. 


tionately  for  the  baboon,  and  as  noted  in  Table  I, 
the  F-111  test  frame,  moimted  on  the  ARL  Omni- 
Directional  sled  was  used  for  most  of  the  tests. 
The  4,5(X)-pound  tensile  test  nylon  webbing  usei 
in  each  test  was  replaced  after  each  run;  lap 
belt  angle  was  55°  to  the  plane  of  the  seat  pan. 
Prior  to  each  run.  static  belt  tension  for  each 
side  was  stabilized  at  1.5  kg.  (3.3  lb.). 

Subject  orientations  (presented  in  Table  I) 
were  90°  sideward  facing  (45°  seat  pitch).  50= 
sideward  facing  (13=  and  20°  seat  pitch),  for¬ 
ward  facing  (13°.  20=.  and  45=  seat  pitch),  and 
rearward  facing  (13=  and  20=  seat  pitch)  body 
orientations. 

Time  duration  varied  from  0.059 — 0.121  second, 
the  latter  being  the  longest  duration  at  30g.  the 
Daisy  track  was  capable  of  providing  safely  with 
this  sled  load.  Entrance  velocities  varied  from 
36.4  ft.  sec.  to  94.4  ft.  sec.,  rate  of  onset  from 
1.200  to  6300  g.  sec.,  and  peak  sled  forces  from 
15g  to  57g.  Figure  1  diagrams  the  coniiguration 
of  the  various  restraint  systems  used.  Since  the 
air-bag  and  inverted-Y  yoke  systems  were  ex¬ 
perimental.  a  brief  additional  description  for 
these  follows:  Tbe  air-bag  restraint  for  the 
balxKMis  was  scaled  down  to  be  of  the  same  rela¬ 
tive  size  as  the  full-size  version  for  the  humans 
previously  tested  with  anthropennorphic  dum¬ 
mies  for  automotive  use.  Each  bag  was  folded 
into  a  test  instrument  panel  10"  forward  of  the 
seated  baboon  (Fig.  1-F).  Bag  inflation  was 
initiated  by  electronic  impulse  as  the  sled  probe 
penetrated  the  brake  system  at  impact.  As  the 
subject  came  into  contact  with  the  bag  during 
impact,  the  bag  vras  deflated  throogfa  pressure 
triief  dnjdiragms  on  eitba  side.  This  produced 
a  dynamic  system  with  d^ation  occurring  as 
the  occupant  moved  into  tbe  restmint  daring  the 
impact  sequence.  .4ir  bag  test.«  were  designed 
as  paired  tests,  from  3%.  to  5<^.  (avg.  g„  sled 
acederatioD).  vrith  cme  animal  terminated  im¬ 
mediately  post-impact  iS-6  minutes),  and  t.-je 
second  animal  fw  each  g-level  allowed  to  sur¬ 
vive  for  chronic  post -impact  monitoring.  Two 
of  tbe  latter  were  monitored  for  4  weeks  (and 
fflae  for  12  weeks)  to  allow  any  possible  trauma 
as  a  lesuh  of  impact  to  become  evident. 

The  up  pa  torso  inverted-Y  yoke  restraint 
system  consisted  of  a  singie  lap  belt  vrith  an 
experimental  upper  torso  ham^s.  Strain  gauges 
woe  nxiunted  on  both  sides  of  tbe  lap  belt  to 
record  beh  forces.  Tbe  uppa  torso  portion  of 
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the  harness  attached  separately  at  each  side  ad- 
jac^^int  to  the  lap  belt  tie-downs,  and  was  also 
ecuipped  with  strain  gauges  (Fig.  1-E).  The 
yoke  of  the  harness  was  formed  at  the  posterior 
asi)ect  of  the  head,  but  did  not  touch  the  head 
or  neck.  It  provided  srant'  rearward  motion  pro¬ 
tection,  hut  we  did  not  test  to  what  degree  it 
could  ofiFer  protection  from  hyper-extension  in 
rear  impacts.  The  harness,  continuing  as  a 
single  belt  from  the  j’oke.  was  attached  overhead 
at  a  45°  shoulder  angle  (relative  to  the  hori¬ 
zontal  plane)  into  the  inertia  reel,  which  was 
activated  at  0.3g.  For  the  inverted-Y  loke  sys¬ 
tem  tests  protocol  was  established  for  one  run 
at  30g.  (sled  X,  avg.  g.)  in  both  forward-facing 
and  side-facing  positioris,  one  run  at  4.3g..  and 
one  run  at  49g.  .Au  initial  value  of  30g.  was 
selected  because  this  was  the  level  at  which  Irthal 


impact  injury  occurred  in  about  50%  of  the  am- 
mais  when  impacted  with  lap  belt  only  restraint 
systems.  Sled  g.  was  chosen  as  a  measure  since 
this  could  be  accurately  drfennined  and  com¬ 
pared  to  previous  tests.  Subject  deceleratWHis 
had  proven  to  be  extremely  unreliable  in  previous 
tests  due  to  problems  of  orientation  Mid  mounting 
procedures. 

The  seat  was  padded  with  1-inch  Ensolite  on 
the  back  and  seat.  No  physiological  measure 
were  made  in  50  tests  to  reduce  chances  of  surgi¬ 
cal  artifact-s.  In  another  12  tests,  involving 
pr^nant  animals,  physiolo^cal  monitoring  con¬ 
sisted  of  the  following :  intra-abdominal  pressure 
was  measured  in  the  peritoneal  cavity  with  a 
Micro-^-stems  1017  pressure  transducer  im¬ 
planted  in  the  wall  of  the  uterus  or  by  an  intra- 
amniotic  Statham  222  pressure  transducer. 


SIX  RESTRAINT  SYSTEMS  TESTED 


FicrvE  1.  TT>e  six  types  of  restraint  systeros  tested. 


Maternal  blood  pressures  were  recorded  pre- 
and  post-impact  by  sphygmomanometer  or 
through  a  trans-fmoral  catheter  in  the  abdomi¬ 
nal  aorta,  connected  to  a  Statham  P-23  pressure 
transducer.  Material  electrocardiograms  were 
obtained  with  Beckman  silver-silver  chloride  ad¬ 
hesive  electrodes.  Fetal  electrceardiograph  leads 
of  insulated  stainless  steel  wiies  were  inserted 
into  the  scalp  and  arm  of  the  fetus.  Fetal  heart 
rates  were  monitored  by  stethoscope  and/or  re¬ 
corded  continuously  by  electrocardiojrraphy. 
Serum  electrolyte  determinations  and  arterial 
CO2  for  13  pregnant  animals  were  determined. 
For  details  of  blood  chemistry  technique  for  each 
case  the  reader  is  referred  to  Crosby.*^ 

Each  subject  was  anesthetized  with  1  mg./l  kg. 
body  weight  Semalyn  <*>  prior  to  each  run.  I-Y 
Nembutal  t*)  was  used  on  one  animal  and  In- 
novar-vetw  <ai  two  animals.  Ether,  atropine, 
and  diphraylhydantoin  were  also  used  prior  to 
surgery  in  the  pregnant  series.  These  drugs  did 
not  appear  to  significantly  alter  physiolopc  re¬ 
sponses  to  impact 

The  subject  was  then  removed  from  the  cage 
after  the  drug  had  taken  effect  and  prepared  for 
the  test  in  tlte  adjacent  surgical  room.  Hands 
and  feet  were  covered  with  tape  and  the  animals 
muzzled  in  order  to  facilitate  handling.  In  the 
lateral  tests,  l-inch  targes  were  positioned  along 
the  head  and  trunk  for  later  photom^ric  analyst 
of  body  kinematics.  The  animals  were  next  taken 
to  the  test  sled,  positioned,  and  the  seat  belt  ten- 
skm  adjusted.  Low-strength  masking  tape  was 
used  to  keep  the  1^  and  thorax  in  proper  posi¬ 
tion  for  the  run;  however,  this  easily  tore  upon 
impact  and  did  not  provide  additional  restraint. 
In  the  air-bag  tests  a  loop  of  rope  under  the 
arms  and  attached  over  the  seat  back  supported 
the  animal  in  an  upright  position  until  mechan¬ 
ically  released  by  cable  0.6  second  prior  to  impact. 
Muscle  tonus  was  carefully  monitored  to  assure 
that  all  runs  wer?  made  at  the  same  level  of 
airesthesia. 

The  strain  gauges  were  fabricated  for  the 
6571st  Aeromedical  Research  Laboratory  by 
Land- Air  Divi*d«n  of  Dynalectron  at  Holloman 
AFB.  They  wtic  originally  designed  for  the 
standard  2-inch  wide  belt,  but  were  modified  to 
the  1-inch  webbirg  msed  in  these  tests.  Gauges 
were  placed  at  each  end  of  the  belt;  two  were 
used  for  lap  belts  and  four  gauges  for  the  other 


systems.  Each  strain  gauge  buckle  was  instru¬ 
mented  with  four  strain  gauges  to  measure  the 
bending  moment  due  to  the  force  imposed  on  the 
belt.  Although  each  buckle  contained  eight  ele¬ 
ments,  it  electrically  appeared  as  a  four-active- 
arm  bridge.  When  the  belt  was  stretched,  the 
metal  cf  the  ouckle  was  stressed  and  deflected. 
Resistance  of  tne  electrical  elements  changed  as 
a  result  of  changes  of  strain  on  the  metal.  Cali¬ 
brations  were  made  by  placing  a  known  force 
on  the  belt  and  measuring  the  electrical  output 
of  the  bridge. 

Photographic  coverage  included  use  of  a  Wad- 
del  16-lA  2,000  fps  camera  for  frontal  view, 
and  one  or  two  Ippolito  Fastex  2.000  fps  cameras 
for  lateral  views.  In  some  runs,  film  from  one 
of  the  lateral  views  was  processed  immediately 
and  wet-viewed  to  examine  results  of  each  test 
quickly  prior  to  the  succeeding  tests;  16  mm. 
documentary  color  film.  .35  mm.  still  color  film, 
and  4x5  still  photography  were  also  ''btained. 
In  addition,  pre-impact,  during  impact,  and  post¬ 
impact  black  and  white  Polaroid  <•>  photos  were 
obtained.  These  served  as  useful  references  to 
emss  check  specific  position,  run  numbers,  and 
other  details  cf  notes. 

In  12  imns,  the  pregnant  animals  were  clini¬ 
cally  monitored  for  periods  from  20  minutes  to 
4  hours.  In  the  seven  animals  impacted  with  air¬ 
bag  restraints  a  post-impact  blood  sample  was 
drawn  prior  to  termination  (5-20  minutes  post¬ 
impact),  and  in  all  the  others  the  animal  was 
terminated  within  5  minutes  post-impact. 

Gross  autopsy  was  conducted  at  the  6571st 
Aeromedical  Research  Laboratory  immediately 
post-impact  for  the  terminated  subjects,  or  the 
animals  were  packed  in  ice  and  immediately 
transported  by  air  to  the  autopsy  facilities  of 
CAMI  in  Oklahoma  City,  where  autop^  was 
completed  within  24  hours.  Three  animals  were 
not  immediately  terminated,  two  being  allowed 
to  survive  for  4  weeks,  and  one  for  12  weeks, 
post-impact  to  drtermine  chronic  impact  effects. 
In  these  cases,  the  animals  were  observed  and 
autopsied  at  facilities  of  the  Space  Defense  Cor¬ 
poration.  Birmingham.  Michigan. 

In  the  lateral  series  two  Field  Emission  high¬ 
speed  roentgent^rams  were  taken  of  each  run. 
the  first  shot  being  triggered  at  impact  and  the 
second  at  about  0.65  second  after  initial  sled 
entiy  into  the  brake;  however,  none  of  these 
proved  useful..  Whole  body  post  -impact  anterior- 
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l/OEterior  and  lateral  view  radiographic  studies 
were  made  prior  to  autopsy..  Gross  and  micro¬ 
scopic  tissue  study  of  the  brain  was  complemented 
by  electronmicroscopy  examination  for  fibrin¬ 
olytic  activity.  Blood  analyses  were  conducted 
in  a  search  for  biochemical  indicators  of  impact 
stress  and/or  tissue  damage.  Blood  samples  for 
these  analyses  were  taken  for  the  seven  air-bag 
subjects  prior  to  impact,  im.mediately  post- 
u.npact,  and  for  the  three  animals  obsen-ed  for 
1-3  months  post-impact,  at  7-day  inteiwals  for 
one  month.  The  hematology  is  summarired  in 
Snyder,  et  al.*‘  Specific  techniques  employed 
are  those  provided  in  detail  by  Life.*® 

III.  Results  and  Discussion 

In  each  restraint  system  tested  in  this  series, 
injuries  to  occupants  were  found  which  could  be 
attributed  to  the  sj'stem  itself..  The  patterns  of 
trauma  were  found  to  differ  in  each  case  as  a 
function  of  the  type  of  restraint  and  the  body 
kinematic  action  during  impact.  Additional 
variables  found  to  be  of  importance  included 
magnitude,  onset  rate,  velocity,  and  time  dura¬ 
tion  of  impact,  distribution  of  force  upon  the 
body,  and  direction  of  force  (body  orientation 
to  the  impact).  Variables  not  studied,  but  also 
believed  to  be  of  importance  would  include  the 
age.  sex.  and  physical  condition  of  the  restrained 
subject.. 

This  series  of  tests  provide  a  basis  for  the 
assessment  of  traumatic  and  protective  qualities 
of  these  restraint  systems  for  the  baboon  sub¬ 
ject.  The  confidence  with  which  results  observed 
on  the  baboon  may  be  extrspolated  to  the  human 
is  reinforced  by  the  fact  that  the  injuries  found 
in  these  tests  are  similar  to  those  which  have  been 
reported  for  human  subjects  in  accidents  involv-. 
ing  similar  restraint  systems.  Such  an  experi¬ 
mental  approach  testing  living  systems  is  a 
necessary  corollaty  to  studies  based  on  the  use 
of  cadavers  or  anthropomorphic  dummies. 

Tables  I- VI  (Appendix  A)  provide  the  results 
of  gross  and  microscopic  pathology  and  note  the 
individual  conditions  for  each  test,  a  summary 
of  the  physical  data,  and  record.s  of  peak  belt 
forces.  Our  findings  for  each  system  will  be 
briefly  discussed  here,  but  for  further  detail  refer 
to  these  tables. 

A.  Lap  Belt  Onig.  I.ap  belt  refers  to  a  single 
Wt  worn  across  the  anterior  aspect  of  the  pelvic 
structuix-  (Fig.  1-A).;  Properly  worn,  this  re¬ 


strains  the  body  by  its  strongest  structural  ele¬ 
ments  and  reasonably  close  to  the  total  body 
center  of  gravity.  It  prevents  ejection,  which 
has  been  demonstrated  to  be  the  major  single 
cause  of  fatal  injury  in  automotive  type  acci¬ 
dents;*’  however,  in  forward  or  lateral  impact 
it  offers  no  upper  body  support,  thus  head  and 
thorax  are  free  to  ‘‘jackknife”  over  the  lap  belt. 

The  lap  belt  restraint  is  the  most  commonly 
used  system  for  both  aircraft  and  automotive 
occupants.  Its  effectiveness  has  been  well  docu¬ 
mented  by  many  investigators,  their  studies  in¬ 
dicating  that  the  lap  belt  alone  can  raduce 
injuries  by  substantial  amounts.*®’*’'”  Huelke 
and  Gikas  found  in  their  study  of  fatal  accidents 
that  “of  48  ejectees.  38.  or  80  percent,  would  have 
survived  if  they  had  been  wearing  only  the  lap 
seat  belt.’*”  Nevertheless,  as  Fish  &  Wright** 
have  recently  noted,  this  device  can  in  itself  be 
responsible  for  distinctive  injury  patterns.  In¬ 
jury  to  the  jejunum.’'”  **”  spleen.’*  pancreas,**'” 
duodenum,”  ileum.**  and  abdominal  hernia**  has 
been  attributed  directly  to  the  lap  belt.  In  addi¬ 
tion.  lumbar  compression  fractures  have  been  re¬ 
ported  since  the  body  hyper-extends  over  the 
belt,**  **  ®*'*’  as  well  as  transverse  fracture  of  the 
vertebral  body**  attributed  to  the  hig^  placement 
of  the  lap  belt  which  allowed  the  belt  to  act  as  a 
fulcrum,  literally  “splitting  apart”  the  vertebral 
body.  A  “splitting  fracture”  of  the  pedicles, 
transverse  processes,  and  lamina  of  the  third 
lumbar  vertebra  has  been  reported.**  Smith  and 
Kaufer  have  recently  reported  finding  10  of  17 
cases  of  spine  injuries  from  seat  belts,  involving 
a  tension-type  fracture  to  the  lumbar  vertebrae.®* 
In  pregnant  women  traumatic  rupture  of  the 
uterus,’***  ®*  ventral  hernia.**  and  placental  sepa¬ 
ration’*  have  been  reported. 

Teare's  findings  of  abdominal  and  thoracic 
aortic  ruptures,  attributed  to  the  jackknifing  of 
occupants  over  the  lap  belt  during  a  1951  Comet 
jet  airliner  crash  in  England,**  the  report  of 
DuBois  of  2.3  cases  of  intra-abdominal  trauma 
and  32  cases  of  contusions  in  858  aircraft  acci¬ 
dents  in  1952.*®  and  that  of  DeHaven,  et  rP*  in 
which  they  attributed  only  bruises  due  to  the 
belt  to  1,0'29  survivors  of  670  light  aircraft  acci¬ 
dents.  were  early  efforts  at  investigating  this 
problem.  Lap  belts  are  being  worn  more  by 
larger  numbers  of  individuals  as  airline  travd 
Ijecomes  more  common,  and  because  all  new  auto¬ 
mobiles  manufactured  in  the  U.S.  are  required 
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to  have  belts  installed.  Thus,  it  should  not  be 
surprising  to  note  that  there  has  recently  been 
a  sharp  increase  in  the  incidence  of  trauma  at¬ 
tributed  to  the  seat  belt,  reflected  in  the  more 
than  20  clinical  reports  in  the  literature  con¬ 
cerned  with  this  problem  since  1961.*’ 

Forward-facing  lap  belt  impacts  were  con¬ 
ducted  in  18  of  the  36  lap  belt  tests  (Table  I-A). 
Of  these,  five  were  impacted  with  seat  pitch  atti¬ 
tude  of  45°  to  simulate  a  airliner  crash,  while 
two  were  at  13°  and  11  at  20°  to  simulate  seating 
profile  in  a  level  aircraft  or  automotive  accident. 
Entrance  velocities  ranged  from  38.2  to  87  ft./sec., 
onset  rates  from  1,400  to  6,800  g./sec.,  time  dura¬ 
tions  frtKu  0.050  to  0.080  second,  and  magnitude 
frmn  16.5  to  40g. 

In  all  cases,  transverse  linear  contusions  of  the 
anterior  abdominal  wall  corresponded  to  the  po¬ 
sition  of  the  belt  at  impact  (Fig.  2).  It  is  sug¬ 
gested  that  a  careful  ezaminaticm  for  such 
bruising  be  routinely  made  in  human  accident 
victims  as  it  may  serve  as  a  valuable  sign  of 
more  serious  intra-abdmninal  injury.  Up  to 
^^raximately  25g.^  oragestkHi  and/or  mhiimal 


hemorrhages  were  noted  in  the  brain,  spleen, 
heart,  uterus,  and  pancreas.  In  general,  however, 
the  pathology  appeared  to  be  reversible  and  com¬ 
patible  with  recovery.  Above  25g.,  injury  was 
more  severe  and  along  with  damage  to  the  pre¬ 
viously  mentioned  organs,  ruptured  urinary  blad¬ 
ders,  pulmonary  lacerations  and  interstitial  and 
pericapsular  renal  hemorrhages  were  increasingly 
frequent.  Beyond  30g.  survival  could  be  consid¬ 
ered  marginal  and  beyond  40g.,  the  impacts  were 
definitely  lethal. 

Since  previous  clinical  reports  have  su^ested 
that  incorrect  wearing  (loose,  high)  of  the  lap 
belt  may  have  contributed  to  the  injuries,**  **-**-*^- 
5«,«i,7T  attempt  was  made  to  duplicate  this 
factor  m  three  runs.  'While  this  did  appear  to 
result  in  more  extensive  injury  in  one  case  at 
30g.  (3372),  it  was  inconclusive  for  two  other 
tests  at  34g.  (3315)  and  40g.  (2880). 

Previous  human  tests  by  Lewis  and  Stapp  with 
healthy,  young  male  subjects  resulted  in  com¬ 
plaints  of  abdruninal  pain  at  15-20g.*^  Minimal 
costusons  over  the  hip  area  and  abdomen  as  well 
as  strain  of  the  anterior  abdominal  musculature 


Fraoaa  2.  Typical  c>M>t<ision  tesaltii«  fraa  Unpingement  of  lap  belt  in  impact 
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duo  to  liip  belt,  impinjjeinoMt  were  found  to  occur 
at  lOg.  (;?()0  g./sec.,  0.002  sec.).  !n  one  2Gg.  im¬ 
pact  (the  Irighost  lap-belL-only  cx[)eriinental  tc.st 
nm  on  liuinans),  tlie  subject  complained  of  severe 
epigastric  pain  persisting  for  .‘10  seconds  and 
thoracic  pain  for  48  hours.  Seat  belt  forces  of 
4,290  pounds,  and  an  average  impingement  foico 
of  89.3  psi  over  the  belt  area  were  calculated. 
Subsequent  tests  on  the  Daisy  track  have  not 
exceeded  15g.,  until  recent  tests  of  I7g.  by  the 
National  Rureau  of  Standards,'  considered  to  Ik‘ 
the  upper  limit  of  subjective  tolerable  impact 
with  a  lap  belt  system  in  forward  impact. 

Forward,  as  well  as  rearward,  lap-belt-only 
impact  for  pregnant  baboons  at  20g.  resulted  in 
fetal  demise,  even  when  the  mother  was  not  sig¬ 
nificantly  injured.  Death  to  the  fetus  occurred 
in  association  with  placental  separation,  trau¬ 
matic  licad  injury,  and  maternal  shock.*'" 


Fourteen  (o.s.s  'vith  ’ap-belt-resi, rained  subjects 
impacted  in  the  90^  sideward  facing  body  posi 
tion  (Fig.  3)  resulted  in  injuritis  surprising  in 
their  extent  (Table  I-B).®”  In  this  series,  sled 
entrance  velocities  ranged  from  36.4  to  76  ft./sec., 
15  to  31g.,  and  1,200  to  3,100  g./sec.  onset  rates. 
Since  all  animals  were  terminated  post-impact, 
survival  must  bo  judged  from  the  trauma  found 
upon  autopsy,  and  it  seems  probable  that  without 
immediate  and  extensive  medical  assistance  only 
the  log  impact  would  have  bexm  survived.  It  is 
interesting  to  note  that  human  voluntary  lateral 
subjective  tolerance  levels  have  been  found  to  be 
about  9g.  (Zaborowski),®*  much  lower  than  for 
either  forward-  or  rearward-facing  positions. 
Five  animals  received  ruptured  bladders  (which 
did  not  occur  in  forward  or  rearward  lap  belt 
impacts).  Contusions,  tears  or  lacerations,  and 
one  complete  severance  of  the  uterus  also  occur-red 
in  five  cases.  In  three  instances,  cervical  frac- 


txuvs  oct'ui't'cd  with  coinploto  iithiUto-occipita.! 
separation.  'I'l'ansectiou  of  the  spinal  cord  oc¬ 
curred  in  one  30g.  impact.  Again,  -such  cervical 
trauma  did  not  occur  in  citlicr  forwe-'^ 

ward  lap  belt  tests.  The  mo>*^  '  . .  jimung 

was  that  of  pancreatic  homoiriiago  in  liu  lutc.rai 
cases  wliich  were  autopsiod.  Intra-cranial  hemor¬ 
rhage  was  again  noted  in  each  case  (Fig.  4). 
Inter  acinar  hemorrhage,  typical  of  these  lateral 
impacts,  is  shown  in  Figure.  5.  Althougli  such 
trauma  i\as  not  i)ecu  reported  by  previous  inve.s- 
tigatoi-s,  even  i:.  tests  with  humans  exposed  to 
22g.  and  a  boar  to  46g.,“  such  tests  have  been 
conducted  with  full  body  rc.straiut  and  not  lap 
belt  alone,  as  in  these  tests. 

To  clarify  the  role  of  post-mortem  pancreatic 
degenerat  ion,  one  baboon  was  (enninated  without 


l)eing  impact ed,  anil  treated  in  the  same  mantier 
as  those  in  the  impact  sit' 

with  ,,*vd'  was  held  at  room 

.....o  lor  1.5  hours  and  then  packed  in 
ice  in  a  shipping  container.  A  temperature  probe 
was  inserted  inferior  to  the  right  lobe  of  the  liver 
and  recordings  kept.  Body  temperature  of 
9fi.8°F.  dropped  to  9G.2°F.  after  1.5  hours,  to 
G4.8°F.  within  14  hours,  and  to  48°F.  within  24 
hours.  A  fter  24  hours,  gross  necropsy  and  histo- 
pathologi<‘  examination  revealed,  mild  pancreatic 
necrosis  without  pancreatic  hemorrhage.  This 
indicated  that  part  of  the  necrosis  obser\  ed  dur¬ 
ing  necropsy  was  dui.i  to  post-mortem  changes 
W  the  pancreas,  but  since  associated  hemorrhagic 
findings  (veurred  only  in  pancreases  of  impacted 


.‘iTuinals.  thi'V  wore  C't)nsi<!orc(}  fo  !>(>  ;>  direct  re.suif 
i.>f  tile  traunui. 


sitrivilicance 


ii’il er-acinar  hemor¬ 


rhages  obsesrved  in  tlie  pancreas  at  necropi;\- 
following  impact  is  unexpected  and  has  )>een 
carefully  considered.  Piandous  descriptions  of 
pnacreatic  injury  have  been  related  to  dietary 
excesses,  direct  trauma  resulting  from  blows  over 
tiie.  lelt.  ui)per  quadrant  of  the  abdomen,  surgical 
trauma,  and  reflux  froni  the,  inte.stine,”’’^'"^' 
3o.ii,5i.'ic,5'j,7.i,75.ij,si  pyf.  yrQ  ji^ve  not  found  similar 
reports  of  pancreatic  injury  related  to  sudden, 
violent  compression  and/or  displacement  of  tlie 
viscera  snch  as  we  found  in  this  scries  of  experi¬ 
ments.  Immediately  after  impact,  we  observed 
rctrop('rit(uical  and  intralobular  hcmorrliagc 
grossly  and  inter-acinar  hemorrhage  histologic¬ 
ally.  It  is  clear  that  there  have  been  intra 
abdominal  forces  Ruflicient  to  taipture  the  capil¬ 
lary  bed.  It  is  not  unrcasonal'le  to  believe  that 
these  same  forces  could  break  the  more  delicate 


ratlicle.s  of  the  Int  ralobrdar  diict^;  which  ais 
formed  only  uy  the  cctitroncinous  cells  with  tlx- 
release  and  activation  of  pnnc.rcatic  enzymes. 
However,  this  must  .still  remain  .speculation  unlit 
proven  or  disproven  by  clinical  stud}'  of  sui- 
V  Ivors. 

llocent  work  suggests  (hat  the  pancreatic 
hemorrhage  may  be  more  critical  in  the  baboon 
tha;i  itt  man  since  recant  studios-  indicate,  that 
the  output  of  serum  ai  lylase  and  lipase  is  several 
fold  higher  in  the  bt  boon  than  in  the  human. 
Hence,  mechanical  disiuption  of  the  duct  system 
w'ith  consequent  release  of  enzyme  might  be  ex¬ 
pected  to  result  :n  a  far  more  fulmii'.ating  out¬ 
come  in  baboons  thaiv  in  hunmas. 

Rearward-facing  body  orientatioiis  (Tabic 
I-C)  at  impact  were  used  in  four  cases,  r,ll  at 
20°  pitcli  attitude.  These  ranged  from  22  to 
44g.,  59  to  88  ft./scc.  velocity,  2,300  to  5,850 
g./scc.  onset  rates,  and  70  to  100  milliseconds 
time  duration.  Seat  belt  forcavs  of  30-120  pounds 
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Finui-.r.  Scbperlffncal  li(‘.ii(irr)i!i|.'c  In  paticcfiH  resuItiriK  from  .subject’s  iinpinKem(‘tit  upon  single  Ulngoiml  bell 


woni  recorded,  upon  rebound,  since  the  force  was 
distributed  upon  the  subject/s  back  ratlier  than 
being  coi'.ccntrated  at  the  harness,  as  in  forward¬ 
facing  impacts.  All  runs  were  survived  without 
significant  trauma.  At  44g.,  extensive  abdominal 
l)ruising  was  the  only  injury  which  could  be 
dircctlj'  attributed  to  the  restraint.  Despite 
findings  of  intra-cranial  hemorrhage  in  three  of 
the  four  cases,  these  injuries  were  considered 
revcrsil)le,  (with  the  exception  of  the  fetal  death). 
The  rearward-facing  body  orientation  offered  the 
best  support  in  impact  for  the  lap-belt-only  re¬ 
strained  subject. 

B.  Diagonal  Belt  Tests.  I'ests  with  the  single 
diagonal  belt  only  (Fig.  1-B)  were  made  because 
this  restraint  system  has  been  rei)crtcd  used  in 
as  much  as  85%  of  Swedish  automobilesd  This 
system  extends  across  the  shoulder  and  chest  on 
the  outboard  side  (loft  shoulder  for  driver,  right 
shoulder  for  passenger)  diagonally  across  the 
chest  to  the  opposite  hip,  where  it  is  anchored  to 
the  floor.  In  our  tests,  the  subjects  received  fatal 


trauma.  This  system  not  only  does  not  provide 
pelvic  restraint,  which  allows  the  subject’s  lower 
torso  to  swing  forward  and  rotate  out  of  the  belt 
at  impact  (unless  stopped  by  striking  the  instru¬ 
ment  pp.nel,  car  door,  or  other  structure),  but  in 
side  impact  produces  an  extremely  lethal  whip¬ 
ping  action  in  which  the  body  literally  rotates 
about  and  out  of  the  belt.  There  have  been  sev¬ 
eral  studies  of  injuries  attributed  to  this  type  of 
belt — including  data  on  chest  injuries, 
as  well  as  ruptured  spleen,®®  and  sternal  frac¬ 
ture.®'’ 

In  our  series,  tw’o  forw^ard-facing  30g.  tests  and 
one  sideward-facing  30g.  test  were  run  (Table  II, 
A  and  B).  As  can  be  readily  seen  from  the  severe 
trauma  received  in  each  case,  this  “restraint” 
system  certainly  does  not  appear  to  ffer  many 
advantages,  and  cannot  be  considered  equal  in 
I)rotective  capability  to  the  lap  belt.  In  each 
case,  massive  destruction  of  the  thoracic  cage 
occurred,  with  extensive  avulsion  and  rupture 
of  the  pectoral  muscle.'^,  numerous  rib  fractures, 


I'KiiiuK  7,  (.iicorntloMS  of  liver  typical  of  trauma  in  impacted  .subjecta  protected  by  a  single  diagonal  belt  only. 
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and  (ranma  to  tho  kidia.  y  {F\g.  (>),  liver  (Fig.  7). 
spleen,  pericardium,  lungs,  pancreas  (Fig.  8), 
adrenals,  rupture  or  lumiorrlkage  of  the  .sigmoid 
colon,  and  dural  hemorrhage.  Diagonal  linear 
conti;sions  from  belt  impingement  wen'  marked. 
Among  other  findings,  it  is  interesting  to  note 
that  myofibrillar  degeneration  was  observed  in 
two  of  the  animals  during  microscopic  examina¬ 
tion  of  myocardial  ti.ssue,  (Figs.  9,  10).  A  sin>ilar 
observation  was  noted  in  one  2‘2g.  side-facing. 
O-point  Ix-lt  impact,  one  4!)g.  forward,  yoke- 
lestrainf  impact,  and  (o  date,  in  four  animals 
subjected  to  vertical  drojts  in  a  current  series  by 
Snow.'”  Fragmentation  of  the  ’iiyocardial  fibres 
and  whetlier  it  repre.sent.s  decelerative,  traumatic 
1‘iipture  of  the  heart  as  descrilkcd  by  Mo-itz  and 
Atkins,'"  a  processing  artifact,  or  whether  the 
heart  i.s  in  systole  or  diastole  at  the  time  of  im¬ 
pact,  has  been  di.scussedi  by  MnsoTi.^'-'  It  should 
be  noted  that  an  experimental  study  of  che.st 
impact  recently  completed  by  Life  and  Pince*” 
has  conclus'vely  demonstrated  that  severity  of 
cardiac  trauma  in  canine  impact  is  directly  re¬ 


lated  to  the  cardiac  lyclo  and  contractile  .state 
of  the  ipjocardium  at  the  time  of  impact. 

The  degenerative  changes  observed  in  our  study 
ir«  cardiac  muscle  of  baboons  subjected  to  iiigh-g. 
forces  consist  of  random  areas  in  which  thera  i.' 
disruption  of  the  myofil)re,s  by  transverse  sepa¬ 
ration  and  apparent  rupture  of  the  sarcolcmma 
permitting  separation  of  the  fibrils.  Nuclear 
cli.it.ges  ai\'  marked,  some  nuclei  am  swollen  and 
balloom-d,  some  are  ghostly  ami  indistinct,  and 
.some  are  shnmken,  irrvgular  in  shape  with  con- 
d*‘nse<l  chromatin  and  surrounded  by  a  clear  zone, 
w’nilc  others  are  frankly  pyknotic.  lysis  of 
nuclei  apjx'ara  to  have  occurred  in  the  more  se 
verely  alTecteil  aivas.  Vacuoles  are  present  in 
many  fibres  aiktl  nuclei  are  eccentric  in  position. 
The  theory  that  thest*  are  artifacts  caused  by  a 
dull  microtome  knife  is  unconvincing  bwausc 
random  areas  of  fragmentation  usually  adjoin 
relatively  normal  ones.  'I'lie  overall  impression 
is  that  the  changes  descrilxtd  are  the  result  of  the 
tissues  being  subjected  to  extreme  stress.  A  final 
interpretation  will  require  further  study. 


FiGr  uE  8.  lVrio.Ti*siii!ar  Jipr.iorrIia?:o  of  kiilney  tnvur.'insj  in  sinjrlo  di:iK<.nal  bolt 


C.  3~Poud  Sgttem  (Diagouat  amd  Lap  Belt 
Combimatiom).  Since  the  3-point  restraint 
(American)  con%uration  (Fig.  1-C)  has  not  yet 
been  used  extensively  in  the  United  States,  acci¬ 
dent  experience  is  still  limited  and  injuries  at¬ 
tributed  to  this  system  have  been  infrequently 
reported  to  date.  A  rupture  of  the  spleen  with 
fracture  of  five  ribs,  a  fractured  sternum.-*  and 
a  hyper-flexion  hyper -exteriskm  cerxical  injury” 
have  be«i  reported  as  attributed  to  the  American 
3-point  system.  ( In  the  American  3-point  system. 
fxtfh*  «K^  of  the  diagonal  and  lap  Wt  are  at¬ 
tached  independently,  while  in  the  European 
-3-point  system,  there  are  onlv  three  points,  one 
end  of  the  lap  belt  continuing  upward  to  form 
the  continuous  diagonal  attachment. i  Swedish 
"Judies  have  reported  few  injuries  due  to  this 
system*  ■-*  and  .similar  results  have  lieen  reported 
from  England**  and  .\ustralia.*''*  In  a  Dutch 
study,  “three  tiroes  as  many  chest  and  leg  in¬ 
juries”  were  found  for  diagonal  and  3-{ioim  users 
as  for  lap  l«elt  users.*  The  major  advantage  of 
the  .3-pomt  system  over  either  the  .single  diagcmal 
or  the  lap  belt  is  that  it  offers  additional  protec¬ 


tion  bv  preventing  flexion  of  the  upper  torso. 
Disadvantages  appear  to  be  that  it  must  fit  the 
occupant  correctly  to  be  effective,  and  that  in 
ride  impact,  the  occupant  on  the  side  cq^Mxate  the 
impact  may  slip  out  of  the  harness,  wrhile  the 
occupant  on  the  near  side  might  receive  oarica] 
injury  from  neck  impingement  on  the  belt.  Ker- 
ertheless.  a  properly  worn  3-point  restraiid  sys¬ 
tem  is  cleariv  an  improvement  ova-  the  lap 
beh."-^’ 

Table  III  proiides  data  for  three  f<»ward- 
facing.  one  .">(•*  side-facing,  and  two  9(F  side¬ 
facing  tests  of  the  .Vnterican  ;3-point  sy.4em.  In 
two  forward- facing  im]>acfs  at  :2«)g.  and  2:2g_  no 
injury  was  found  in  one  <-ase  and  slight  injury 
ipancmtk-  petechial  hemorrhage,  adrenal  poi- 
capsular  hemorrhage,  uterus  broad  ligament 
hematon»)  in  the  other.  X  third  test  at  30g. 
(*3:  pitch.  ft.,  .sec.  relocity.  .3.00f'  g.  sec. 

<M»set  rate  for  <'.<^>3  se*-.  duration)  also  resulted 
in  minor  trauma  iljch  ccmtusMms — (Fig.  11) — 
dnral  congestion)..  The  diagonal  and  lap  belt 
combination  appears  to  provide  much  better  in¬ 
jury  protection  at  this  level  of  impact  than  the 
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Up  belt  only  which  appear?  to  offer  marginal 
suiwivability  at 

Two  rearward-facing  tests  ti^re  run  in  this 
OMifigaration.  At  dOg.  no  injunr  was  found.  At 
4%.,  injoT}'  was  not  se^-ere  (subdural  benKH*- 
rioge.  subcapsnlar  kidney  betnorrhage.  and 
petechial  hemorrhages),  and  only  the  kidney  and 
r3>  petechial  hemorrhages  are  attributable  to  the 
bdt  (inrdxMind). 

Afto'  one  30^  left  side  impact  at  2%..  mod¬ 
erate  iiKra-dural  hemorrhage  was  found  npem 
gross  examination,  and  myoffbriiUr  degeneration 
iipcm  microscopic  histological  .«tody. 

Two  90^  sideward-facing  impacts  (Table  111- 
D)  at  and  30g.  were  run.  At  the  lower  lecel. 
aerere  dnral  and  nrinary  jfaidder  hemorrhage 
ooenrretL  in  marked  omitrast  to  the  22g.  forward 
ran  where  no  traiuna  was  found,  .kt  tranina 
was  tBstantly  fatal,  dne  {tfimarOy  to  disicration 
of  the  aUanto-oodpita]  joim  as  the  neck  impii^ed 
upon  the  diagoaai  belt. 

n.  FmU~Tmw»  RttbmmL  The  fEll-toeso  re- 
atnint  (Fig-  i-D)  coesistii;^  of  lap  beh  and 


double  shoulder  harness  has  bera  long  utilized  in 
military  training,  and  is  required  at  flight  deck 
crew  statkms  of  airline  transmit  aircraft.  Such 
^sterns  hare  been  extensirdy  tested  and  hare 
been  dememstrated  to  be  extimelj  effectine.®*^*^ 
XumeroQS  rerskMOs  (5-point,  etc.)  hare  eredred 
from  this  ha^  con%urati«i.  Because  of  the 
prerioD^T  proren  protertire  ralne  of  the  full- 
torso  restraim.  only  mie  animal  was  run  In  this 
series,  and  at  2(^.  neither  gross  nor  mkrusnopk' 
trauma  was  found  (Table  IT). 

E.  /ararfcd-F  Fair  DmMeSktmUer  Bmr- 
■eas.  An  expoimenta]  systoo.  called  the  in- 
rerted-Y  yol»  dooble-dxxildn'  harneSE.  with 
inotia  reel.  i  Fig.  1-E »  was  also  tested  in  a  series 
of  three  forward-  and  cme  side-facing  ’.n- 
pacts  (TaWe  Vj."  This  syston  t^ess  the  ad- 
^-antages  of  full-torso  safqmit  while  allowing 
fret  and  romplcse  morement  of  the  occupant  to 
reach  controls  and  change  position.  It  is  cras- 
fonabk.  ea^  to  dip  itUo  wnhoot  masa&g  clothe 
and  women  comfortably.  Actiraiioo  of  motsi 
aircraft  reds  occius  at  but  in  automobiles. 


^oewa  m.  IWeTfiriOar  un  and  Tarwede*  in  tiw  ajrofifecr*  are  iadxated  l»j*  ti»e  ligbttr  areas  in  looici- 

tadiaaPr  wciiesml  filenc 
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().:>  to  (Kr>fr.  iietiviitioii  is  nccessiu-y  biK'ausc  of 
brakino  '  decelerations,  not  occurring  in 
aircraft. 

'rests  were  started  initially  at  :i()g.,  due  to  the 
I'stiiiiatcd  restraint  caj  ability  of  this  system.  At 
(liis  level,  in  forward  impact,  trauma  Avas  minor, 
consisting  of  dural  and  lung  congestion  and 
cardiac  micro-hemorrhage.  At  4.‘>g.  trauma  was 
similar.  excc[)t  that  a  scapular  fracture  occurred 
as  a  result  of  belt  im])ingement  over  the  shoulder, 
licit  contusions  were  also  observable.  At  49 
peak  sled  g..  trauma  was  severe  and  probably 
fatal.  Hdiitcrai  avulsion  of  the  pcctoralis 
muscles  with  severe  cf)ntusions  due  to  belt  pros- 
sur(!  was  marked,  and  a  partial  dislocation  of 
the  humerus  occurred.  Dural  congestion  and 
pericardial,  adrenal,  uterine,  and  abdominal  wall 
hemorrliages  were  found.  Again,  myocardial 
fragmentation  was  observed. 

One  loft  sideward-facing  impact  was  run  at 
:k2g.,  a  severe  side  impact.  An  artifact  occurred 
when  the  subject’s  head  struck  the  side  panel 
upon  rebound,  resulting  in  fatal  cranial  fracture 


and  cerebral  hemorrhage.  Other  trauma  was  not 
significant  and  further  tests  should  be  conducted. 

F.  Air-Bag  Restraint  Tests.  Nine  tests  with 
seven  subjects  were  nin  in  the  forward-facing 
orientation  (seat  pitch  13°)  with  an  experimental 
air-bag  restraint  system  (Fig.  1-F)  developed 
by  Eaton,  Yale  &  Towne,  Inc.*®  Entrance  ve¬ 
locities  ranged  from  71  to  94.1  ft./sec.  with  onset 
rates  of  3,300  to  6,000  g./sec.,  and  with  durations 
from  0.040  to  0.060  second.  Peak  g.  forces  varied 
from  33  to  57g.  (Table  VI).  Tests  were  started 
at  33g.,  duo  to  the  anticipaied  capability  of  this 
system.  This  system  consisted  of  a  lap  belt  re¬ 
straint  and  an  air  bag,  which  w'as  folded  into  a 
panel  10"  in  front  of  the  subject  (Fig.  12). 
Upon  impact,  the  bag  inflated  before  the  subject 
began  moving  forward  (Fig.  13).  As  impact 
occurred,  the  gas  was  vented  through  two  side 
holes,  forming  a  dynamic  system,  and  gradually 
decelerating  the  subject  while  distributing  the 
load  over  his  body.  The.se  were,  to  our  knowl¬ 
edge,  the  first  experimental  tests  of  a  dynamic 
air-bag  system  under  controlled  simulated  crash 
conditions  with  living  subjects. 


Kioi-uk  1.  ConluHlon  lesiiltliiK  fnun  inipliiKenieiif  of  .■J-itoint  resiriilnt  Iti  L'Ok.  Iinimcl  at  00  ft./sec.  velocity. 


The  pattern?  'vere  a?  cloee  to  aircraft  or  auto¬ 
mobile  crash  deceleratiori?  a?  the  I>aisy  De-'eiera- 
tor  could  be  progranimed.  Paired  tests  were  run.- 
with  one  an’mal  at  each  level  allowed  »o  survive 
to  permit  study  of  post-impact  chronic  effects. 
One  animal  was  run  twice  at  46  j>eak  g.  with  no 
obsen'able  trauma  and  then  was  run  a  third  time 
at  5(^..  after  which  autopsy  revealed  a  ruptured 
bladder  and  dural  congestion. 


At  3Sg..  the  annnal  terminated  and  autopsied 
immediately  post-impact  revealed  only  sligiit 
dural  congestion.  A  se^nd  animal,  impacted  at 
:i6g.  and  allowed  to  tunive  for  90  days,  was 
found  ^'>  have  no  trauma. 

Ai  47g..  injuries  to  the  terminated  animal  were 
dural  congestion  and  lung,  adrenal,  and  pan¬ 
creatic  hemorrhage.  The  paired  animal,  also  run 
at  47g..  but  allowed  to  sunive  30  days,  showed 


T^crat  12.  Baboon  prior  to  impact  ran  utiJiiKnR  .\ir  Baj:  Restraint  Svsteni.  .tir  hap  i<  stored  in  panel  10  inches 
foi  ward  of  animal  and  will  be  inflated  at  impact.  The  restraint  hoidinp  arms  will  be  released  O.G  sec:  prior  to 
impact. 
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no  grcss  trauma,  and  slight  emphysema  upon 
mierosfopic  examination. 

The  final  series  at  55g..  resulted  in  dural  con¬ 
gestion.  uterine  broad  ligament  hemorrhage,  and 
lung  and  liver  wmigestion  in  the  terminal  animal, 
all  considered  minimal.  The  paiied  anim.al  run 
at  57g.  and  allowed  to  survive  30  dav^  prior  to 
autopsy,  was  found  to  have  no  gross  trauma. 
Microscopic  trauma  involved  pulmonary  edema, 
vesicular  emphysema,  and  periadrenal  hemor-. 
rhage.  Blood  bi(*chemistry  studies  pre-impact, 
post-impact,  and  at  7-day  intervals  for  1  month 
on  the  surviving  control  animals  did  not  indicate 
stress  changes  which  can  be  meaningfully  inter¬ 
preted  at  this  time.  It  is  interesting  to  note  that 
durel  congestion,  evident  in  each  animal  sacri¬ 
ficed  immediately  post-impact,  was  not  found  in 
the  30-day  or  90-day  post-impact  controls.  This 


may  indicate  that  such  injuries  are  tn  asient  in 
nature.  There  seems  little  doubt,  on  relative 
and  comparative  basis;,  that  the  air-bag  restraint 
system  is  reaching  a  stage  in  dcvelopm  nt  where 
it  may  have  practical  application. 

The  baboons  impact  tolerance  limits  with  this 
^stem  appear  to  be  much  greater  thai  the  57g. 
tested. 

rv.  Conclnsions 

The  tests  reported  in  this  study  df  ojonstrate 
that  while  restraint  systems  may  prot  ct  the  oc¬ 
cupant  from  the  very  serious  trauma  that  may 
be  caused  by  ejection  or  “secondary  collision,’’ 
they  may  in  themselves  act  as  sources  o  generally 
less  lethal  but  yet  significant  injury.  Such  find¬ 
ings  indicate  that  still  a  third-order  <  f  collision 
phenomena  (‘tertiary  collision")  shoi  Id  be  the 


Figtse  13.  Inflation  of  the  .\ir-Bag  Restraint  at  moment  of  impact. 
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subje  t  i.f  intensive  research.  “Tertiarj'  collision 
injury  ”  maj'  be  defined  as  the  trauma  resulting 
from  he  interaction  of  the  occupant  and  his  re¬ 
straint  system.  That  such  phenomena  occur 
must  I  it,  however,  serve  as  argument  against  the 
utilizai  ion  of  restraint  systems,  since  these  latter 
give  .si  Tiificant  needed  protection  from  extreme 
impact.  Rather,  these  phenomena  must  be  viewed 
as  analigous  to  the  untoward  side  effects  of  an 
otherwise  life-saving  drug — effects  which  may  be 
eliminated  through  further  research. 

These  experiments  also  provide  cogent  and 
quantifiable  argument  for  considering  the  effects 
of  variation  in  occupant  position  in  determining 
the  lethality  of  a  given  “dose”  of  deceleration. 
In  general,  it  may  be  stated  that  for  the  baboon 
restrained  by  lap  belt  alone,  rearward-facing  im¬ 
pacts  are  in  terms  of  sustained  g.-forces,  about 
three  times  as  tolerable  (4(Mr5g.  survivable)  as 
side-facing  impacts  (15-20g.  survivable).  For¬ 
ward-facing  impact  orientations  result  in  injuries 
intermediate  in  degree  (25-35g.  survivable). 
While  the  quantitative  extrapolation  of  these 
findings  into  deceleration  parameters  (peak, 
onset  rate,  and  duration  of  g.-forces)  for  the 
human  situation  may  not  be  simple,  the  struc¬ 
tural  homologies  of  the  baboon  and  human  pro¬ 
vide  much  conviction  that  there  is  a  distinct 
correlation  between  them  for  the  effects  of  posi¬ 
tion  at  impact.  In  other  words,  in  humans,  as  in 
baboons,  a  given  “dose”  of  impact  appears  to  be 
mi^it  tolerable  in  the  rearward-facing  position 
and  least  tolerable  in  the  sideward-facing  posi¬ 
tion.  From  a  practical  standpoint,  this  finding 
would  argue  against  the  utilization  cf  side-facing 
seats  for  airline  stewardess  jump  seats  where 
incapacitation  of  a  stewardess  may  disastrously 
affect  the  controlled  and  orderly  evacuation  of 
an  entire  plane  load  of  passengers. 

These  tests  demonstrate  that  abrupt  decelera¬ 
tion  may  have  potentially  grave  effects  that  may 
not  necessarily  be  correlated  with  the  degree  of 
tissue  disruption  or  with  the  magnitude  of  im¬ 
pact  forces.  For  example,  fetal  death  occurred 
in  all  pregnant  animals  impacted  although  (a) 
irreversiblf.  anatomical  trauma  to  the  mother  or 
fetus  could  not  be  demonstrated,  and  (b)  posi¬ 
tion  at  impact,  a  very  significant  variable  in 
determining  the  survivability  of  adult  animals, 
had  no  apparent  influence  on  results  for  the  fetus 
since  rearward-  as  well  as  forward-facing  im¬ 
pacts  resulted  in  fetal  demise.  A  second  example 


demonstrating  the  lack  of  correlation  between 
overt  trauma  and  injury  potential  is  the  effect 
of  impact  on  the  pancreas.  In  this  organ,  al¬ 
though  the  actual  degree  of  tissue  disruption  was 
slight,  its  consequences  \ acute  sterile  pancreati¬ 
tis)  would  have  been  extremely  serious.' 

Another  finding  is  the  occurrence  of  myo¬ 
fibrillar  degeneration.  This  finding,  described 
by  others‘*  “  as  an  agonal  change  of  the  myo¬ 
cardium  ixssociated  with  sudden  death,  has  been 
dismis.sed  as  artifactual  by  some  pathologists. 
Others  have,  while  cautious,  allowed  that  it  might 
represent  a  subtle  but  genuine  histopathological 
change  of  obscure  mechanism.  If  the  latter  in¬ 
terpretation  is  correct,  the  changes  observed 
definitely  represent  pin-point  areas  of  perhaps 
irreversible  myocardial  degeneration,  and  it 
would  be  interesting  to  know  what  effects  such 
lesions  may  have  on  myocardial  function  months 
or  even  years  after  impact.  Similarly,  in  the 
kidney  the  minute  areas  of  interstitial  hemor¬ 
rhage,  while  not  lethal,  might  ultimately  pro¬ 
foundly  affect  the  function  of  that  organ.'" 

In  these  tests,  the  trauma  potential  of  several 
restraint  sj-stems  was  exa.»nined  and  compoced. 
The  single  diagonal  chest  restraint  resulted  in 
immediate  fatal  injuries  at  the  g.-levels  tested. 
Simple  lap-belt  restraints  were  more  effective  in 
preventing  injury  than  the  single  diagonal  belt, 
but  also  resulted  in  serious  and  fatal  injuries  at 
higher  g.-forces.  The  small  sample  precludes 
dogmatism,  but  the  available  evidence  indicares 
that  “loose-high"  lap  belts  contribute  to  injury 
severity  greater  tnan  ♦hose  snugly  fitted  and 
worn  low  over  the  abrlomen.  Lap  belts  and 
shoulder  harness  combinations  (American  3- 
point  or  double  shoulder)  resulted  in  less  injury 
in  this  series  of  tests  than  did  any  of  the  com¬ 
monly  used  restraint  systems.  The  two  experi¬ 
mental  devices.  Y-yoke  with  inertia  reel  and. 
especially,  the  air-bag  restraint  system,  gave 
maximum  protection  to  the  occupant  against 
tertiary  collision  injury. 

Finally,  tests  such  as  these  demoirstrate  that 
adequate  evaluation  of  any  restx-aint  system  must 
include  experiments  with  living  animals.  Tests 
on  anthropomorphic  dummies,  cadavers,  and  hu¬ 
man  volunteers  can  all  contribute  significantly 
to  the  development  of  restraint  devices,  but  the 
final  test  of  rheir  effectiveness  lies  in.  and  can 
only  be  determined  bj*.  the  response  of  the  living 
system  to  an  impact  profile  with  parameters 
simulating  as  closely  as  possible  those  of  actual 
accident  environments. 
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